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ABSTRACT
INTRODUCTION: Post-intubation stenosis of the larynx and trachea in childhood increases annually. This 
is associated with an increasing number of children with severe pathology of the upper respiratory tract, as 
well as children requiring artificial ventilation for other reasons. Until now there have been debatable ques-
tions about surgical tactics in children with chronic cicatricial laryngeal stenosis. 
AIM: The aim of this article is to evaluate the effectiveness of different tactics of surgical treatment of chil-
dren with chronic cicatricial post-intubation stenosis of the larynx, depending on the state of the cartilagi-
nous frame of the larynx.
MATERIALS AND METHODS: We have treated 47 children with chronic cicatricial post-intubation steno-
sis of the larynx. Preoperative examination included endoscopy and computed tomography of the larynx 
and trachea. We assessed the cartilaginous framework of the larynx and trachea that influenced the choice 
of surgical approach. For 20 children with intact laryngeal cartilaginous frame the method of endolaryn-
geal microsurgery using a CO2 laser was applied. This method allowed to form a wound surface by mini-
mum submucosal resection scar tissue, which made it possible to cover the wound with mucosal microflaps 
to prevent restenosis. In the surgical treatment of extended stenoses of the middle larynx, there are prereq-
uisites for repeated replacement of the wound with excess scar tissue, which in our observations was avoided 
by using endoprostheses for a period of 21 days. Despite it, with a lesion of the subglottic part of the larynx, 
the risk of restenosis remained quite high (5 out of 12 patients), even in the absence of data for damage to the 
cartilaginous frame of the larynx. In 27 cases of chronic post-intubation cicatricial stenosis of the larynx, 
in identifying of laryngeal cartilage framework lesion before surgery, extralaryngeal laryngotracheoplasty 
was performed. Laryngofissure was performed in 18 children, followed by stenting from 6 to 18 months with 
a T-shaped silicone stent, in 9 cases—one-stage laryngotracheoplasty using auto-cartilage grafts. The ap-
plied techniques have shown high efficiency, while the use of autografts made it possible to reduce the stag-
es and duration of surgical treatment.
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CONCLUSION: The use of a CO2 laser in combi-
nation with balloon laryngoplasty in microsurgi-
cal treatment of chronic post-intubation stenosis of 
the larynx in children significantly expands surgi-
cal capabilities due to high accuracy and low level of 
damage of surrounding tissues.
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yngotracheoscopy and CT of the larynx. According 
to the results, 2 groups were formed. Group 1 consist-
ed of 20 children in whom at the preoperative stage 
there was no lesion of the integrity of the larynx and 
trachea frame. In this group the CO2 laser was cho-
sen by the endolaryngeal microsurgical method with 
direct suspension laryngoscopy, which in some cas-
es was supplemented with balloon laryngoplasty or 
stenting. The age of the children in this group was 
from 1 to 14 years (average age 4.5±2.3 years). Sev-
en patients had a tracheostomy for a period ranging 
from 1 to 6 years. Analyzing the duration of the pre-
vious intubation, it was found that it lasted from 10 
days to 3 months. The duration of the disease was 
from 8 months to 6 years and averaged 34 months 
(2.4 years). The reasons for intubation were cardio-
vascular surgery followed by intensive therapy in 5 
cases, abdominal surgery in 4 cases, pathology of the 
central nervous system in 3 cases, acute infectious 
stenosing laryngitis in 4 cases, thermotrauma—in 
3 cases, and poisoning—in 1 case. According to the 
data of preoperative examination, subglottic local-
ization of stenosis was the most frequently observed 
(12 patients), the middle part of the larynx was in-
volved in the cicatricial process in 7 patients, the ves-
tibular part of the larynx—in 1 patient. Patients with 
2nd–3rd degree of stenosis according to the Mayer-
Cotton classification prevailed (Table 1).
Interventions using total intravenous anesthe-
sia and muscle relaxation were carried out. Direct 
suspension laryngoscopy was performed (using the 
Karl Storz kit), followed by examination of the lar-
ynx using rigid endoscopes with 0-, 30-, and 45-de-
INTRODUCTION
Among the variety of etiological factors in the 
development of chronic laryngeal stenosis in chil-
dren, at present the main reason (up to 80%) is pro-
longed intubation of the larynx and trachea (1–4). In 
addition, in recent years, the number of tracheoto-
mies for children with severe pathology has been in-
creasing (5).
The development of microsurgery for laryngo-
tracheal stenosis is aimed to reduce the duration of 
treatment and rehabilitation, taking into account not 
only the restoration of the respiratory tract but also 
the voice function of the larynx (5–7).
Despite the experience in the surgery of cicatri-
cial stenosis of the larynx all over the world, at the 
moment there are no clear criteria for the use of ex-
isting techniques, the access choice (external or endo-
scopic), the need to use plastic materials, stents, addi-
tional equipment (laser, coblator, radio wave, etc.). As 
a rule, the decision is made by the surgeon based on 
his own experience and available equipment (8–12).
The undoubted advantages of using a CO2 la-
ser with an operating microscope are microsurgi-
cal accuracy, good intraoperative detailing and a dry 
surgical field, as well as good functional outcomes in 
terms of swallowing and speech with the functional 
results exceeding those from traditional surgical ap-
proaches (13–15).
The development of optimal surgical and reha-
bilitation tactics for cicatricial post-intubation and 
post-tracheostomy stenosis, improvement of laryn-
gotracheoplasty techniques and resection techniques 
are currently the most important problems in laryn-
geal surgery in children (16).
AIM
The aim of this article is to evaluate the effec-
tiveness of different tactics of surgical treatment of 
children with chronic cicatricial post-intubation ste-
nosis of the larynx, depending on the state of the car-
tilaginous frame of the larynx.
MATERIALS AND МETHODS
A total of 47 children with chronic cicatricial 
post-intubation stenosis of the larynx, in the period 
from 2016 to 2020, were included the study.
All patients in the preoperative period under-
went endoscopic examination in the form of fibrolar-
Localization
Mayer-Cotton 
Degree of Stenosis Tracheostoma
I II III
Vestibular 
(n = 1) 1 1
Glottic 
(n = 7) 1 4 2 2
Subglottic 
(n = 12) 2 6 4 4
Total: 20 3 11 6 7
Table 1. Characteristics of children with chronic 
cicatricial post-intubation stenosis of the larynx from 
Group 1 
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gree optics to obtain a complete detailed picture of 
the length and configuration of the stenosis.
This was followed by microlaryngoscopy us-
ing an operating microscope and surgical interven-
tion using a surgical CO2 laser equipped with a mi-
cromanipulator and integrated with a microscope in 
the superpulse operating mode, with a power from 
3 to 8 W. In cases of actions in the region of the dis-
tal trachea, which are difficult to access for work un-
der a microscope, endoscopic control was used using 
a CO2 laser transmitted through a glass fiber. The 
power parameters and the shape of the beam were se-
lected based on the required depth and area of action.
Group 2 consisted of 27 children in whom the 
preoperative examination revealed a lesion of the la-
ryngeal cartilaginous frame (Fig. 1). They underwent 
reconstruction of the laryngeal cartilage and restora-
tion of the stable lumen of the larynx by extralaryn-
geal access with the replacement of the lost laryngeal 
structures with cartilaginous autografts.
The age of children in this group was from 2 to 
14 years (average age 9.4±4.2 years). All patients had a 
tracheostomy for a period ranging from 1 to 9 years. 
Analyzing the duration of the previous intubation, it 
was found that it lasted from 10 days to 3 months. 
The duration of the disease was from 11 months to 9 
years and averaged 51 months (4.3 years). The reasons 
for intubation were cardiovascular surgery in 4 cases, 
abdominal surgery in 2, pathology of the central ner-
vous system in 5, acute infectious stenosing laryngi-
tis in 14 cases, and thermotrauma in 2. According to 
the preoperative examination, it was found that the 
localization of the lesion was dominated by the sub-
glottic part of the larynx (24 patients), and the glottis 
was involved in the cicatricial process in 3 patients. 
Patients with 3rd–4th degree of stenosis according to 
the Mayer-Cotton classification prevailed (Table 2).
Interventions were performed using total intra-
venous anesthesia and muscle relaxation. We used 
an anterior neck approach with laryngofissure. The 
formation of a persistent laryngotracheostomy fol-
lowed by multistage reconstruction in 18 patients 
or simultaneous reconstruction of the cartilaginous 
frame and larynx lumen using cartilaginous costal 
autografts in 9 cases was performed with an exter-
nal approach.
In 5 cases anterior grafts were used, and in 4—
posterior grafts (Fig. 2 and Fig. 3).
RESULTS AND DISCUSSION
Group 1. For stenosis of the vestibular part of 
the larynx (n=1), we performed laser excision of the 
scar tissue of the upper larynx with the formation 
of mucous microflaps, which made it possible to ex-
pand the lumen with a minimal wound surface; in 
this case, a stable functional result was achieved.
In the presence of cicatricial stenosis of the mid-
dle larynx (n=7), laser excision of the scar tissue was 
performed in the superpulse mode, with the maxi-
mum energy density, with an average laser power of 8 
Fig. 1. Violation of the cartilaginous framework of the 
larynx and trachea revealed by CT
Localization
Mayer-Cotton 
Degree of Stenosis Tracheostoma
II III IV
Glottic 
(n = 3) 1 2 0 3
Subglottic 
(n = 24) 2 14 10 24
Total 3 16 10 27
Table 2. Characteristics of children with chronic 
cicatricial post-intubation stenosis of the larynx from 
Group 2
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W. In 2 patients, in connection with the involvement 
of the commissure in the pathological cicatricial pro-
cess, the formation and fixation of microflaps was 
carried out in order to separate the wound surfaces, 
which made it possible to achieve a stable functional 
effect. In 5 cases, after excision of the scar membrane 
in the area of the commissure, a keeled endoprosthe-
sis was fixed, preventing the contact of wound sur-
faces, which was fixed with a Lichtenberg suture. The 
endoprosthesis was retained in the larynx for the pe-
riod of formation and remodeling of scar tissue until 
complete epithelialization of the wound, which cor-
responded to a period of at least 21 days (Fig. 4). Pa-
Fig. 2. Insertion of the anterior graft
Fig. 3. Insertion of the posterior graft
Fig. 4. Laryngoscopic picture when installing a keeled 
endoprosthesis in the area of the laryngeal commissure
Fig. 5. The stage of dissection of the cicatricial narrowing 
of the laryngeal larynx with a CO2 laser
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tients with laryngeal stenosis (n=12) underwent ra-
dial dissection of the scar tissue in the superpulse 
mode, with a maximum energy density, an average 
laser power of 8 W. After that, dilatation of this part 
of the larynx was performed (Fig. 5 and Fig. 6), using 
a balloon (Boston Scientific) with pressure of 12 atm.
Endoscopic control after 2 weeks revealed that 7 
patients were prone to restenosis, which required re-
peating the same procedures. A follow-up examina-
tion after another 2 weeks showed signs of restenosis 
in 5 patients, which required further reconstruction 
of the cartilaginous frame of the larynx.
These unsatisfactory results of endolaryngeal 
surgery were associated with perichondritis in the 
region of the cricoid cartilage in 3 children, and ex-
tensive and massive scarring with preserved cartilag-
inous frame of the larynx in 2 patients.
Follow-up for a period from 6 months to 3 years 
showed the achievement of a stable functional result 
in 14 children from the first group. In one case af-
ter a year excision of the scar membrane of the mid-
dle part of the larynx was required, in 5 cases laryn-
goplasty with extralaryngeal access was performed.
Group 2. In all 27 patients we achieved a nor-
mal lumen of the larynx followed by decannulation 
by creating a stable frame of the larynx. In 18 cas-
es, laryngotracheofissure was performed, followed 
by long-term stenting of the lumen of the larynx and 
trachea (from 6 to 18 months). After the stent remov-
al, the observation period was about 1 month after 
which, in case of stable lumen, the laryngotracheos-
tomy was sutured. In 6 cases, it was additionally re-
quired to strengthen the larynx frame with costal 
cartilage. In 9 cases, laryngofissure with the forma-
tion of a persistent laryngotracheostomy followed by 
multistage reconstruction in 18 patients or simulta-
neous reconstruction of the cartilaginous framework 
and laryngeal lumen using cartilaginous costal au-
tografts was performed using the extralaryngeal ap-
proach.  In 5 cases, anterior grafts were used, in 4—
posterior ones (Fig. 2 and Fig. 3). To stabilize the po-
sition of the grafts and form a sufficient lumen of the 
larynx, a silicone endoprosthesis was installed into 
the lumen of the larynx for 21 days. It was removed 
endolaryngeally.
Follow-up for a period from 8 months to 4 years 
showed the achievement of a stable functional result 
in all 9 children (Fig. 7 and Fig. 8). In one case after 6 
months balloon laryngoplasty was required.
Fig. 6. Stage of balloon dilatation of cicatricial narrowing 
of the laryngeal lining
Fig. 7. Location of cartilage graft (CT picture after 1 year)
Fig. 8. Endoscopic view (the anterior graft is completely 
covered with epithelium after 6 months)
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CONCLUSION
The use of a CO2 laser in combination with 
balloon laryngoplasty in microsurgical treatment 
of chronic post-intubation stenosis of the larynx in 
children significantly expands the surgical capabili-
ties due to high accuracy and low level of damage of 
surrounding tissues. This method allows the forma-
tion of minimal wound surfaces by submucosal exci-
sion of scar tissue and gives the possibility of cover-
ing the wound with mucosal microflaps. This tech-
nique significantly reduces the time of epithelializa-
tion in the intervention area. This is an important 
factor of restenosis prevention. In the surgical treat-
ment of extended stenosis of the middle part of the 
larynx, especially in the area of  the commissure, the 
creation of an extensive de-epithelialized wound sur-
face is inevitable, which creates the precondition for 
repeated scar formation, especially in the area of  pos-
sible contact of the wound surfaces. In our observa-
tions, such an effect was avoided by using endopros-
theses for a period of 21 days. The subglottic lesion in 
children with chronic cicatricial post-intubation ste-
nosis is the most common localization. This zone is 
prone to restenosis, even in the absence of data for 
damage to the cartilaginous laryngeal frame.
In case of ineffectiveness of endoscopic meth-
ods and in case of a lesion of the laryngeal skeleton, 
external access laryngotracheoplasty is preferable. 
The use of cartilage rib grafts is a particularly prom-
ising area in such laryngosurgery. It can significant-
ly reduce the number of stages, the duration of sur-
gical treatment, and subsequent rehabilitation. In ad-
dition, the use of autotissue grafts excludes the devel-
opment of a number of complications such as rejec-
tion, immunological response, infection, lysis, which 
we did not observe in the group of our patients.
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